Hydrogen-peroxide-induced heme degradation in red blood cells: the protective roles of catalase and glutathione peroxidase.
Catalase and glutathione peroxidase (GSHPX) react with red cell hydrogen peroxide. A number of recent studies indicate that catalase is the primary enzyme responsible for protecting the red cell from hydrogen peroxide. We have used flow cytometry in intact cells as a sensitive measure of the hydrogen-peroxide-induced formation of fluorescent heme degradation products. Using this method, we have been able to delineate a unique role for GSHPX in protecting the red cell from hydrogen peroxide. For extracellular hydrogen peroxide, catalase completely protected the cells, while the ability of GSHPX to protect the cells was limited by the availability of glutathione. The effect of endogenously generated hydrogen peroxide in conjunction with hemoglobin autoxidation was investigated by in vitro incubation studies. These studies indicate that fluorescent products are not formed during incubation unless the glutathione is reduced to at least 40% of its initial value as a result of incubation or by reacting the glutathione with iodoacetamide. Reactive catalase only slows down the depletion of glutathione, but does not directly prevent the formation of these fluorescent products. The unique role of GSHPX is attributed to its ability to react with hydrogen peroxide generated in close proximity to the red cell membrane in conjunction with the autoxidation of membrane-bound hemoglobin.